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SUMMARY 


TRe molecular films deposited on the 

thicker film. These were the coldest surfaces a manv as 34 distinct layers have been seen in the 

suggest an early deposition of the Alms thoug ^ ^ , , f organ i c material associated 

"Son. This may Lve *e„ the result clone of the 

shuttle dump activities. 


INTRODUCTION 


This paper provides a spectrograph* and jl*HJ»*" ° rbi ' 

of solvents confirmed the film’s resistance to solvent collection. 

The distribution of the film is shown in this paper as it appeared after , ^ovetyand evidence i spumed 

provid^Sg^estinS'he MnSbuTtS’of (SfeeSsoutce mate^ls^SthSoLVdeftosit. The instruments 
KSd t^sociated analytical procedures have been presented prevtously (Ref. 1). 


*Work done under NAS 1-18224, Task 12 
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COMPOSITION OF LDEF MOLECULAR FILMS 


The discoloration of the LDEF surface was one of the earliest observations made. The discoloration 
was expected but the extent of the coverage was a bit surprizing. Some of the films were so thick that they 
were peeling from surfaces as large flakes. In other areas the films were very thin but as a result of their 
dark color were still quite evident. Typical brown film spectra is shown in Figures 1 and 2 These are 
spectra from the earth end and space end of LDEF respectively. Both are from openings in the satellite 

HhSrin^nf ^ nt ! he rf en0r ° f ! he satellite and from sides of the vent that faced in the ram direction, the 
S? n ,?<S Vel pi ? nciple absor Ption bands are essentially the same. The broad band between 
f ? 36°° wa Y? numbers corresponds to O-H and N-H groups. Nitrogen containing groups in the 
dm have been confirmed by micro-chemical tests and by electron beam elemental analysis. Most of the 
peak is due to the presence of the O-H group. Some of the O-H present may be the effect of hydration 

17m^nH S Sn Ve TTh‘ The - C ~h ? tretc J. at ab ° ut 2960 is evident in both spectra as is a distinct carbonyl at 
1710 and 1630. The region below this is a bit more complex due to the similarity of the absorption region 

of urethanes from the paints used (Figures 3 and 4), those of the silicones used on LDEF (Figure 5) and 
t e organo-phosphates used in materials on some trays (Figure 6). For the space end film about 45% of 
the weight of the film was recovered after ashing as a transparent, colorless, film of silicon dioxide This 

would correspond to a weight percent of 21 % silicon in the film tested. 

t , C 'i 2 was a specia f case. When LDEF was first rotated in SAEF-2 a liquid began running from 
J‘ S !j y H le spectrum of the liquid (Figure 7) essentially matched that of the triocyl phosphate used as a 
fire retardant material in the plastic insulation around the fiber optic bundles on that tray (Figure 6). The 
brown film around tray C- 12 contained very little silicones as is indicated by the absence of the peak near 
olX) wave numbers in this spectrum (Figure 8). ^ 

Tray H-06, being on the space end, had a complex exposure with the trailing side of the tray being 
exposed to atomic oxygen (AO) and the leading side of the tray being shielded. The fluence of AO has not 
been estimated for the microenvironments of tray H-06 but in the AO exposed area the patches of brown 
film persisted (Photograph 1). The film was analyzed in three layers. The top layer spectra is shown in 
rigure 9 and is dominated by the silica absorption band at 1060. The broad band around 3200 to 3600 
wave numbers is probably due to moisture absorbed since recovery. Some carbonyl is also present 

ou COn fL attern morc evident * carbonyl peaks become more defined and 

larger and the O-H/N-H band becomes more pronounced, again probably due to hydration (Figure 10) 

Hie C-H absorption peak is absent or so small that it is lost in the broad water absorption band Still 
lower the silicones disappear and the characteristic white urethane paint pattern is seen (Figure 1 1) Figure 

loh^Tlv SPC V °L b r OWn filn V"u ^y * 1 ; 06 facin e the tadBa S direction. The brown film here appears 
,Wn a UV e *P° sed mo ^ catlon of the A276 white paint with very little deposited silicones, based on the 
intensity of the peak at 800 wave numbers. The strong absorption around 700 and below is due to the 

tyP'^brown film pattern was collected from the head of bolt A on clamp 12 
(Fl J u J‘ e 13) Photograph 2 illustrates the deposition of the brown film in the opposite comer 
ot tray H-06 and shows the small circular deposits associated with each wire tie wrap. Figure 14 shows 
the infrared spectmm of these deposits. They had essentially no silicones and were dominated by the C-H 
absorption band. Photograph 3 shows the appearance of this area of tray H-06 under visible light 
illumination and ultraviolet light illumination. Ultraviolet light illumination was found to often make 
visible patterns not visible with normal illumination. Ultraviolet light was never used until all initial 
spectra had been collected to minimize induced changes in the films. 

The thickest brown films always formed on vents from the interior on the side facing into the ram 
irection Figure 15 is an example from tray F-06. Notice that this spectrum is very similar to that in 
Figures 1 and 2 A yellow deposit on the front of tray E-02, clamp 6 had a pattern that was quite diferent 
than the typical brown film (Figure 16). No precursor of this deposit has been found at this time 
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The backs of fte toy clamps ^nd shims 1 had a 
contaminants that were launched with • f ^ d ^ hydrocarbon component 

^me very similar ,o to typical 

brown film pattern (Figure 19). 

dumps made after the retrieval of LDEF by the shuttle. 

the deposition of brown molecular film. Fmg ip similar "liphteninc" effects were seen on 

other trays^u^as^ patterns seen S? the brown deposits in Photographs 1 and 2. 

The brown film was deposited in layers. As ‘ C°12. These layers 

deposited film. Photograph 7shows such a pie would indicate that these 

suggest a cyclic deposition. other cycles exist of 

proportion of functional groups from multiple sou P . wh j c h would also suggest 

of materials. This evidence is still being evaluated. 

hydrocarbon/silicone film after reacnn| wi^ ato^ 21 "shadow" seen next 

to Uysmmov<5“da “ghSorahon in in 

=,o°S 

edges and clamps (Photograph 9). 


DISTRIBUTION OF THE MOLECULAR FILMS 


The dismbution of molecular films on LDEF was a 

exposure. All exBrior toiling surfaces and ^surfaces stolded ta ^atomc oxygen o^ ^ ^ ^ 

brown discoloration. Those surfaces that fac interference effects on the surface of 

Wton'l^EI^v^^n^ly^b^k'anCwm^ythe^istribiUion of the color effec's could be studied in more and 
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mBm msrnmgs’ 

IpllSSSiiP 

rehQvel y good collectors (high sticking coefficient) for condensible modular matSs ^sT^ult Te 

warms ^^s^le!?ke'and^^o!^nsed^ S 

Zav^^av^^^^ 

S^sSSSS 

£?SSSgK35i=SS£SS»' 

, * f ^ eavi ^ st r ^ turn should have been on the surfaces facing the ram direction fRef That 
ay have been but the ram directed surfaces have been scoured of thin hydrocarbon films hv th<- atomic 

Tliese films also exhibit a direction^ ftiS may te S^mi 

and iKbohs Tht h?a ' en , d H cove !' Panel directed venting materials toward this clamp (tray F-09 clamp 4) 

ci^p^tmd^sp^rend^Mel^In^thea^so^e clamp ^^°4erc wafno boit^^ica^ 4 
“""te order of the backgntund for the alammnmdamp Xpm^^ofdtebol, 

or&aTemm geome,nes tha ‘ ,ended t0 ^ “caping molecules at relatively l™ angles over the surface 
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CONCLUSION 


1. The films consisted primarily of modified outgassing products of the RTV silicone materials used and 
the urethane paints. 

2. Fixation of the deposit was dependent on ultraviolet exposure and possibly a low level of atomic 
oxygen exposure. 

3. The films were deposited cyclically with up to 34 layers being counted in a single fragment of film. 

4. Local sources of outgassing material contributed to local films. 

5. On the leading rows the films were converted to silicon dioxide type films or were removed by the 
attack of atomic oxygen on carbon based substrates. 

6. Organic materials were deposited on LDEF after retrieval that had a high hydrocarbon content and were 
associated with potassium and sodium chlorides. 
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SPACE END FRAME BROWN FILM 

Figure 1 : Brown film from longeron exposure at tray G-12 facing ram direction. 



Figure 2: Brown film from longeron 13, space end, exposure facing ram direction. 








RTV 8NJC0NE FROM THERMAL BLANKET 


Figure 5: Silicone adhesive used to attach velcro tape to back of Silver/Teflori Blankets, tray F-02. 
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MATERIAL BELEIVED TO BE THE LIQUID ON TRAY C 12 

Figure 6: Trioctyl phosphate standard spectrum 
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TRAY C 12 LIQUID DEPOSIT 


Figure 7: Tray C-12, liquid collected on glass fiber paper during deintegration 



TRAY C 12 BROWN FILM 

Figure 8: Tray C-12, brown film from comer vent. 











Figure 11: Tray H-06, bottom deposit (paint surface) of AO exposed brown film 



Figure 12: Tray H-06, brown deposit on trailing exposure. 
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NEAR CENTER 


Figure 17: Tray E-06, clamp 1, deposit between clamp and shim at center. 



TRAY CLAMP E 06 1 BACK SURFACE BESIDE SHIM 
NEAR EDGE 


Figure 18: Tray E-06, clamp 1, deposit between clamp and shim near edge of clamp. 














Photograph 1: Tray H-06, brown deposit in AO exposed comer. 
(See color photograph, p.599.) 


Photograph 2: Tray H-06, brown deposit and tie wrap deposit in other comer. 
(See color photograph, p. 599.) 
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Photograph 3: Tray H-06, visible and UV illumination view of the tie wrap deposit. 



Photograph 4: Tray F-06, back of bottom panel showing shadow only visible with UV illumination. 
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Photograph 5. Tray F-02, clamp 6, brown droplet deposit. 
(See color photograph, p. 600.) 
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Photograph 6: Tray F-06, handprint on bottom panel. 
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Photograph 7: Tray C-12, layered brown film. 
(See color photograph, p. 600.) 
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LDEF Leading edge (ram direction) 

Photograph 8: Leading edge view of LDEF structure 


NVR stain LDEF trailing edge Earth end 

Photograph 9; Trailing edge view of LDEF structure. 
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